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Abstract: Twenty-eight genotypes of lettuce including check cultivars viz., Simpson Black Seeded and Great Lakes 
were grown in a RCBD with three replications during Rabi 2011-12 and 2012-13 at Vegetable Experimental Re-
search Farm, Nauni, Solan H.P. to estimate the parameters of genetic variability, correlation and path analysis under 
naturally ventilated polyhouse. Analysis of variance showed highly significant differences among genotypes for all 
the characters under study. Variability revealed that phenotypic co-efficient of variation (PCV) in general were higher 
than the corresponding genotypic co-efficient of variation (GCV) for all the characters. High co-efficient of variability 
were found for heading percentage (37.00% and 36.01%), incidence of sclerotinia rot (63.49% and 61.475%), gray 
mould (90.13% and 88.08%)  and yield per plot (39.55% and 33.09%) indicated wider range of variation and offer 
better scope for improvement through selection. High heritability estimates coupled with moderate genetic gain were 
observed for yield and other horticultural traits. Correlation study indicated that yield per plot was positively corre-
lated with gross and net head weight, seed germination, seed vigour index-I & II, 1000-seeds weight and also 
showed maximum direct effects towards yield per plot. The path co-efficient analysis revealed that net head weight 
has maximum positive direct effect on yield per plot followed by gross head weight, days to marketable maturity, 
seed germination, 1000-seeds weight, head shape index and incidence of sclerotinia rot. While, negative direct ef-
fect of number of non-wrapper leaves and incidence of gray mould was observed on yield. The new multicoloured 
cultivars indigenous and exotic mostly procured from CGN, Netherlands , identified for commercial cultivation under 
protected conditions in the mid hills of North Western Himalayas, may act  as a substitute to the old cultivars with 
good quality and higher yielding potential.    
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INTRODUCTION 
The genus Lactuca L. (Compositae, tribe Cichorieae, a 
subclade Lactucinae comprises about 100 wild species, 
mainly distributed in the Northern Hemisphere 
(Beharav et al., 2014). Lettuce (Lactuca sativa L.) is 
one of the important leafy vegetable used as salad and 
also marketed as fresh vegetable (Mousavi et al., 
2013). It occupies the largest area of the salad crops 
world wide. In  India  area  under  lettuce  and  other  
exotic high value,  cash  vegetable  crops  has  in-
creased  significantly for the last one decade because 
of its high nutritional and medicinal value. Lettuce is 
unique among major vegetables and is rich in vitamin 
C, A and minerals (Samnotra et al., 2012).  
Estimates of parameters of variability importantly, 
heritability and genetic gain are reliable indicators for 
improvement of characters in a particular genetic ma-
terial through selection. Since, the selection for highly 
heritable characters is more effective, therefore, herita-
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bility along with other parameters can be used in pre-
dicting the gain for a given selection intensity and ex-
pected genetic gain further gives the idea of the extent 
of improvement in a character through simple selection 
(Kumar et al., 2015). 
The various colours and textures of loose-leaf and head 
types indicate large variability amongst the lettuce 
genotypes.  The success of any breeding programme 
depends upon the extent of genetic variability and de-
gree of translocation of characters from generation to 
generation. For exploitation of genetic variability, the 
knowledge of correlation  between  complex  character  
like  yield  and  its component  characters  is  of  con-
siderable  importance  for  a rational  approach  to-
wards  yield  improvement (Samnotra et al., 2012). 
Simple correlation co-efficients provide information 
regarding association of characters. A better insight 
into the cause of association is provided by path coeffi-
cient analysis, a method of partitioning correlation co-
efficient into direct and indirect effects of component 
  
characters.  
Correlation of various characters with yield is useful 
and provides criteria for direct selection of component 
characters. Partitioning of total correlation into direct 
and indirect effects by path analysis helps in making 
selection more effective. Path co-efficient analysis 
studies were used to separate correlation co-efficient 
into components of direct and indirect effects toward 
yield (Kumar et al., 2010). The present study was, 
therefore, undertaken with a view to evaluate the let-
tuce germplasm under protected conditions for yield 
and other horticultural traits to work out the associa-
tion among different characters. 
MATERIALS AND METHODS 
The present investigation involving twenty eight geno-
types of lettuce including two check cultivars viz., 
Simpson Black Seeded and Great Lakes was carried 
out in naturally ventilated polyhouse at Experimental 
Farm of the Department of Vegetable Science, Dr. 
Y.S. Parmar University of Horticulture and Forestry, 
Nauni, Solan (H.P.) during 2011-12 and 2012-13. The 
genotypes along with their sources of availability have 
been presented in Table 1. 
The experiment was laid out in a randomized complete 
block design with three replications in 1.50 m× 1.20 m 
plots. One month old seedlings were transplanted to 
naturally ventilated polyhouse at a spacing of 30 × 30 
cm between and within rows, respectively, accommo-
dating 20 plants/ plot. Manual weeding and earthing up 
(pulling soil around the base of plant) was done four to 
five times until the final harvest and irrigation was 
applied at 15-days interval from mid-October to mid-
December and later as needed, depending upon 
weather. 
The standard cultural practices recommended in the 
package of practices for vegetable crops were followed 
to ensure a healthy crop stand. Ten plants were ran-
domly selected to record observations on days to mar-
ketable maturity, leaf color, number of non-wrapper 
leaves, gross head weight, net head weight (gross head 
weight means total weight of head including non-
wrapper leaves and stalk weight; net head weight ex-
cludes the weight of non-wrapper leaves and stalk 
weight), heading percentage, yield per plot, β-carotene 
contents, calcium contents, iron contents, seed germi-
nation percentage, seed vigor index I and II, 1000-
seeds weight, head shape index and incidence of dis-
eases. Seed vigor indices I and II were determined by 
the formula of Abdul-Baki and Anderson (1973). Non-
wrapper leaves were removed from heads that were 
weighed for yield and head shape index determined 
(Odland and Noll, 1954). Contents of β -carotene and 
iron were determined according to methods of Ran-
ganna (1995). Analysis of variance (ANOVA) was 
calculated according to Gomez and Gomez (1983). 
The genotypic and phenotypic coefficients of variation 
were calculated as per formulae given by Burton and 
De-Vane (1953). Heritability (broad sense) was calcu-
lated by the formula as suggested by Allard (1960). 
Genetic gain was genetic advance as per cent of mean, 
calculated by the method of Johanson et al. (1955). 
The genotypic and phenotypic correlations were calcu-
lated as per Al-Jibouri et al. (1958). The direct and 
indirect effects were obtained by following Dewey and 
Lu (1959). Traits that differed significantly were fur-
ther utilized for estimation of the genetic parameters. 
RESULTS AND DISCUSSION 
The analysis of variance indicated highly significant 
differences among the genotypes for all the traits stud-
ied, which revealed the existence of good deal of vari-
ability in the germplasm.  
Parameters of variability: The estimates of co-
efficients of variability (phenotypic and genotypic) 
gave a clear picture of amount of variability present in 
the available germplasm (Table 2). For all the charac-
ters studied, phenotypic co-efficients of variability 
were higher in magnitude than genotypic co-efficients 
of variability, though difference was very less in ma-
jority the cases.  
The characters under study viz. gross head weight, net 
head weight, heading percentage, yield, β-carotene 
content and incidence of sclerotinia rot recorded wide 
range of variation and have better scope for improve-
ment through selection. Moderate to high PCV and 
GCV were observed for gross head weight, net head 
weight, non-wrapper leaves, β-carotene and incidence 
of gray mould diseases. These findings are in contra-
dictory to the findings of Sharma (2001), Kumar 
(2004) and Dutt (2006) who had reported low co-
efficients of variability for non-wrapper leaves and 
heading percentage in different genotypes of cabbage 
while high co-efficients of variability for net head 
weight (Thakur et al., 1997) in lettuce and in cabbage 
Kumar (2004) reported moderate genotypic and pheno-
typic coefficient of variability for gross head weight, 
net head. weight, head shape index, number of non 
wrapper leaves, yield per plot, heading percentage and 
days to marketable maturity. These results are also in 
line with the findings of Sharma (2001) who have also 
reported high to moderate co-efficients of variability 
for non-wrapper leaves and net head weight in cab-
bage,Meglic and Vozlic (2000) for various traits in 
lettuce and Gupta et al. (2008) observed high pheno-
typic as well as genotypic variance for carotenoids 
only, while the characters like number of leaves per 
plant, leaf yield per plant, vitamin C, average leaf 
weight, calcium, plant spread and potassium exhibited 
moderate PCV as well as GCV whereas Kaushal and 
Kumar (2010) have also reported moderate to high 
genotypic co-efficient of variation for gross head 
weight, net head weight, yield per plot, and β-carotene 
with wider range of values. Phenotypic performance 
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 would be good index for selection in lettuce for char-
acters like gross head, net head weight, heading per-
centage, yield per plots and incidence of sclerotinia rot, 
and for quality characters viz., β-carotene and iron con-
tents. 
Heritability and genetic gain: The genotypic co-
efficient of variation does not offer full scope to esti-
mate the variations that are heritable and therefore, 
estimation of heritability becomes necessary. Burton 
and De-Vane (1953) has suggested that genetic co-
efficient of variability along with heritability estimates 
would give a reliable indication of expected amount of 
improvement through selection. High heritability 
(>80%) indicates that a large proportion of phenotypic 
variance is attributed to genotypic variance, and reli-
able selection could be made for these traits on the 
basis of phenotypic variation. The magnitude of herita-
bility for characters under studies ranged from 43.3 per 
cent (1000-seeds weight) to 95.6 per cent (head shape 
index) (Table 2). The estimates of heritability (broad 
sense) were found high for the characters viz., number 
of non-wrapper leaves, heading percentage, seed vig-
our index-I, seed vigour index-II, head shape index, 
incidence of sclerotinia rot and gray mould and yield 
per plot; moderate for days to marketable maturity, 
gross head weight, net head weight, carotene, calcium, 
iron contents and seed germination and was low for 
1000-seeds weight. High heritability estimates for 
number of non-wrapper leaves, heading percentage, 
seed vigour index-I, seed vigour index-II and head 
shape index whereas moderate for gross head weight, 
net head weight and seed germination were also re-
ported by Kumar et al. (2010). In the light of results 
obtained in the present studies, it is concluded that 
selection can be performed at phenotypic performance 
for highly heritable characters viz., number of non-
wrapper leaves, heading percentage, seed vigour index
-I, seed vigour index-II, head shape index and yield 
per plot. 
High heritability suggested the major role of genetic 
constitution in the expression of characters and such 
performance of characters are considered to be repeat-
able. However, the estimates of heritability alone are 
not sufficient for predicting the effect of selection and 
therefore the genetic advance/gain is also equally im-
portant (Hanson et al., 1956). The value of genetic 
Manisha Thakur et al. / J. Appl. & Nat. Sci. 8 (4): 1924-1930 (2016) 
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S. N. Genotypes Sources 
1 CGN-04508 Crop Genetic Resources, the Netherlands 
2 CGN-04543 Crop Genetic Resources, the Netherlands 
3 CGN-04933 Crop Genetic Resources, the Netherlands 
4 CGN-04934 Crop Genetic Resources, the Netherlands 
5 CGN-04987 Crop Genetic Resources, the Netherlands 
6 CGN-04990 Crop Genetic Resources, the Netherlands 
7 CGN-05167 Crop Genetic Resources, the Netherlands 
8 CGN-05169 Crop Genetic Resources, the Netherlands 
9 CGN-05198 Crop Genetic Resources, the Netherlands 
10 CGN-09373 Crop Genetic Resources, the Netherlands 
11 CGN-10944 Crop Genetic Resources, the Netherlands 
12 CGN-11358 Crop Genetic Resources, the Netherlands 
13 CGN-14629 Crop Genetic Resources, the Netherlands 
14 CGN-14651 Crop Genetic Resources, the Netherlands 
15 CGN-19009 Crop Genetic Resources, the Netherlands 
16 CGN-19088 Crop Genetic Resources, the Netherlands 
17 CGN-20721 Crop Genetic Resources, the Netherlands 
18 UHF-Sel.-01 UHF, Nauni, Solan 
19 UHF-Sel.-02 UHF, Nauni, Solan 
20 UHF-Sel.-03 UHF, Nauni, Solan 
21 UHF-Sel.-04 UHF, Nauni, Solan 
22 UHF-Sel.-05 UHF, Nauni, Solan 
23 UHF-Sel.-06 UHF, Nauni, Solan 
24 UHF-Sel.-07 UHF, Nauni, Solan 
25 Sol. Let-I UHF, Nauni, Solan 
26 Sol. Let-II UHF, Nauni, Solan 
27 
Simpson Black Seeded* 
UHF, Nauni, Solan 
    28 Great Lakes* UHF, Nauni, Solan 
Table 1. List of the lettuce genotypes and sources. 
*Check cultivars 
  
advance as per cent of mean (genetic gain) ranged 
from 3.36 per cent (seed germination) to 177.34 per 
cent (incidence of gray mould) for different characters 
under study. 
In the present investigations, high heritability coupled 
with high estimates of genotypic co-efficients of vari-
ability and moderate genetic gain was recorded for 
heading percentage, head shape index and yield per 
plot, offering better scope for selection, indicates the 
presence of additive gene action and as such selection 
will be very effective. High heritability (80%) coupled 
with low genetic gain (21.95%) for days to marketable 
maturity indicated the non-additive gene action. These 
findings are in line with Dutt (2006) who reported high 
heritability with low genetic gain for days taken to 
marketable maturity, moderate heritability with moder-
ate genetic gain for gross head weight, net head 
weight, heading percentage and yield per plot and con-
tradictory to the work of Kumar (2004) who reported 
high heritability coupled with moderate gentic gain in 
1000 seed weight in cabbage. Moderate heritability 
with low genetic gain was observed for gross and net 
head weight. The present findings are in line with the 
work of Kumar et al., (2010) they have reported mod-
erate heritability coupled with low genetic gain for 
gross and net head weight. But the present finding for 
gross head weight is in contradiction with the work of 
Kumar (1998) who reported moderate heritability and 
genetic gain. The observation on net head weight is in 
contradiction with the finding of Arumugam et al. 
(1978) who have reported moderate heritability with 
moderate genetic gain and also in contradiction with 
the work of Lal and Solanki (1975), Jamwal et al. 
(1995) as they recorded high heritability coupled with 
high genetic gain. 
Correlation studies: The yield is not an independent 
character, but resultant of interaction of a number of 
component characters among themselves as well as 
with the environment in which the plants grow. Fur-
ther, each character itself is likely to be modified by 
the actions of genes present in the genotypes of the 
plant and also by the environment. Therefore, it be-
comes difficult to evaluate this complex character di-
rectly. Consequently, the selection pressure is exerted 
easily on those characters which are simply inherited 
and showing close association with yield. Since not 
much work has been done on this aspect in lettuce 
grown under protected conditions (naturally ventillated 
polyhouse) in the temperate conditions of India, there-
fore, results of the present investigations were utilized 
to find out the correlations among the horticultural and 
quality characters contributing towards yield.  
 The results showed that genotypic correlations were, 
in general, higher in magnitude than phenotypic ones 
(Table 3). Yield had significant positive correlation 
with gross head weight, net head weight, heading per-
centage, seed germination, seed vigour index-I & II, 
Manisha Thakur et al. / J. Appl. & Nat. Sci. 8 (4): 1924-1930 (2016) 
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1000-seeds weight and significant negative correlation 
with non- wrapper leaves and incidence of gray mould. 
The minimum difference in the magnitude of the geno-
typic and phenotypic correlations in these characters 
indicates that environmental factors have less influence 
on the expression of these characters. As such the se-
lection based on these characters will certainly affect 
the improvement in yield. Gross head weight was posi-
tively and significantly correlated with net head weight 
and seed vigour index-I. Similar findings have also 
been reported by many workers like Sharma (2001), 
Kumar (2004), Dutt (2006) in cabbage and Kaushal 
and Kumar (2010) in lettuce who showed that geno-
typic correlation was higher than phenotypic correla-
tion, indicating a low influence due to environment 
and the expression of characters being mainly due to 
genetic factors.. Number of non-wrapper leaves had 
negative association with yield in lettuce. Kaushal and 
Kumar (2010) have also reported negative association 
between yield and number of non-wrapper leaves in 
lettuce.  
Path co-efficient: Although correlation studies are 
helpful in determining the components of yield but it 
does not provide a clear picture of nature and extent of 
contributions made by number of independent traits. Path 
co-efficient analysis devised by Dewey and Lu (1959), 
however, provide a realistic basis for allocation of appro-
priate weightage to various attributes while designing a 
pragmatic programme for the improvement of yield. 
Path co-efficient analysis was conducted on yield per plot 
using all characters that showed significant association 
(Table 4). The co-efficient analysis revealed that average 
net head weight had maximum positive direct effect on 
yield per plot followed by gross head weight, 1000-seeds 
weight, seed germination, incidence of sclerotinia rot, 
days to marketable maturity and head shape index. While 
maximum negative direct effect of non-wrapper leaves 
and incidence of gray mould was observed on yield per 
plot. Its direct effects irrespective of signs have true rela-
tionship between them and net head weight is observed in 
correlation studies. Thus, selection can be predicted for 
such characters to improve yield. These findings are in 
line with Kumar et al. (2010) in lettuce who reported 
positive direct effects toward net head weight contrib-
uted by gross head weight, equatorial diameter, disease 
severity, heading percentage, seed vigor index I, and 
number of nonwrapper leaves. Negative effects for 
days to marketable maturity and head shape index. The 
greatest positive indirect effects were for equatorial 
diameter, seed vigor index I, and disease severity in 
relation to gross head weight. Maximum negative indi-
rect effects were observed in head shape index, num-
ber of nonwrapper leaves, and days to marketable ma-
turity in relation to gross head weight. To improve 
yield of lettuce, selection should be done for gross 
head weight and heading percentage. 
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 Conclusion 
It can be concluded that yield per plot was positively and 
significantly associated with most of the horticultural traits. 
While, negative direct effect of number of non-wrapper 
leaves and incidence of gray mould was observed on yield 
which is desirable for these traits and six genotypes viz. 
UHF-Sel.-06, UHF-Sel.-03, UHF-Sel.-01, CGN-05167, 
CGN-10944 and CGN-14629 performed better for other 
horticultural traits viz. days taken to marketable maturity, 
gross head weight, net head weight, heading percentage, 
1000 seed weight, seed germination percentage, seed vigor 
index-I and II. These genotypes need further testing to be 
released as a substitute of existing varieties in HP or can be 
further used in future breeding programmes.  
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